A Cs ion-beam transport experiment is in progress to study beam behavior under extreme space charge conditions. A five-lens section matches the beam into a periodic electrostatic quadrupole FODO channel and its behavior is found to agree with predictions. With the available parameters (<200 keV, <20 mA, 1fEn > 10-7 Tr rad-m, up to 41 periods) the transverse (betatron) oscillation frequency (v) Clearly, Eq. 1 predicts that an absolute limit on current density exists when v 0, i.e. w +,T vo, and the net restoring force vanishes. As one nears that limit, the current density remains constant, and as the current is increased the area of the matched beam increases proportionately. Generally, the beam size depends on both the emittance (normalized), lseN, and the beam current. Absent from the discussion so far, is the prediction of classes of instabilities that cause emittance growth, with consequent beam loss, well before up = X2 vo. For the case of ao < 60 the KV treatment predicts fourth and higher order instabilities below a = 240, but the PIC work indicates no change in rms emittance as a decreases, at least to a = 6
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The object of the experiment is to explore beam properties after transport, such as size, current, current density (and hence a/ao), over a range of values of a0, e and injected current.
The accessible range o1 parameters should also make the predicted regions of instability amenable to study.
Apparatus Source
We have operated so far with a thermionic cesium alumino-silicate source (zeolite) 25 mm in diameter. Erratic results over a period of time with commercially available sources were traced to non-uniform coating, non-uniform emission, and departures from flatness in the coating sufficient to interfere with the gun optics. Satisfactory space-charge-limited flow is almost impossible to achieve under these conditions and we have been forced to develop in-house source preparation and testing facilities that have now produced acceptable zeolite sources for both cesium and sodium ions.
Ion Gun
The gun is designed to The final configuration chosen had a FODO period of 12", a physical aperture radius of 1", and an inter-lens gap of 2.0", Figure 3 shows the first of the seven transport vacuum tanks in place; as can be seen, a liberal allotment of penetrations has been provided for possible introduction of frequent diagnostic devices. 
Beam Transport Quadrupoles
When completed, the transport channel will consist of 82 electrostatic quadrupoles --41 periods of a FODO lattice --housed in a sequence of seven vacuum chambers. At present, just one chamber containing the initial 10 quadrupoles (Ql -Q10) is in place; the others will be added sequentially as dictated by the progress of experimental understanding. Five quadrupoles (Ml -M5), placed between the gun and the transport system and independently controlled, form the matching section to transform the axiallysymmetric transverse phase areas at the gun output into the astigmatic phase ellipses needed at the entry into the transport section. 
Beam-conditioning and Diagnostic Devices
Apart from complicating the study of beamdynamics, electrostatic lenses also impose constraints and difficulties on the incorporation of diagnostics. Measurement devices can be inserted only at the mid-point of the free-space between adjacent lenses, i.e. where there is a ground equipotential, and are constrained to be thin to avoid sparking.
Electron production by ions striking material surfaces may also cause some problems.
Beam-conditioning devices include: (a) a gridstructure after the gun to which voltages can be applied to alter the emittance over the range EN = 1x10-7 rad-m to 1x10-6 rad-m; (b) attenuator grids after the gun; (c) a collimator after the gun to select a 3 mm diameter attenuated pencil beam. On axis, this provides a beam in which the behavior is dominated by emittance, not space-charge. Off-axis, it provides a tool for checking the singleparticle tune, ao, of the transport system. 
Experimental Procedure
In principle, the computer-assisted procedure for arriving at a matched beam throughout the transport section is straightforward. The gun electrodes are set to voltages calculated from EGUN to provide the chosen beam current and gun optics. The emittances in the x and y-planes --described by a set p = (rx e, ry, ay) --are measured at the gun exit.
The EQeNV code provides the x and y emittance ellipse shapes and orientations that are needed at the entrance of the FODO transport structure If there is a mismatch the beam area measured at the exit of Q10 may be larger or smaller than the matched value, depending on the phase of the envelope oscillations at that point. This, apart from some uncertainties in the Faraday cup calibrations, leads to errors in the estimates of j. Thus the scatter in the data points for beam size and j in Fig. 4 are seen to be anti-correlated.
If we denote a limiting current density, corresponding to wp = /2 vo, by j L, the data indicate transport (over 5 periods) of j ; j L for aO < 100 . The corresponding value of a/a0 = (1 i/jL)112 is poorly determined but is probably in the range of 0.1 to 0.3.
The large dimensionality of the experiment is illustrated by the fact that only a small part of the transport section is being studied and that a range of values of both Ib and EN remains to be explored.
